Large-scale stable opening of supercoiled DNA in response to temperature and supercoiling in (A + T)-rich regions that promote low-salt cruciform extrusion.
We have studied the properties of (A + T)-rich sequences derived from ColE1 that promote cruciform extrusion at low ionic strength in supercoiled plasmids. We compared the chemical reactivity of the sequences in negatively supercoiled DNA (using osmium tetroxide and bromoacetaldehyde) with the results of two-dimensional gel electrophoresis performed under the same conditions. Taken together, the results indicate the occurrence of cooperative helix-coil transitions in the (A + T)-rich DNA at low ionic strength, to form stable, denatured regions. The extent of the open region is a function of temperature and superhelix density, with an additional local destabilization brought about by the presence of cruciform structures. We present a simple statistical mechanical model of the helix-coil transition in the (A + T)-rich DNA, from which we have obtained estimates of the free energy for average base-pair opening of 0.31 kcal mol-1 and that for the formation of a helix-coil junction of 4.9 kcal mol-1, in 45 mM Tris-borate, pH 8.3, 0.5 mM EDTA. The results offer a model for the C-type mechanism of cruciform extrusion. Inverted repeats that are incorporated into the melted region undergo hairpin loop formation below 50 degrees C, and upon closure of the melted region, by reduction of temperature or increased ionic strength, they remain as a fully extruded cruciform structure.